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Abstract
The article is a recollection of the memorable experience of attending a course on
Quantum Mechanics given by Feynman in Brasil, as well as several meetings and exchanges
Daniele Amati and I had with him over many years, in both the U.S. and Europe. The
article also includes a small sample of the problems assigned in the course, a one-page
guide, hand-written by Feynman, to study QED on the basis of two of his most important
papers, and his reply to a letter of congratulations that the author had sent to him on
the occasion of his Nobel Prize Award.
As evidenced by his famous Lectures on Physics, brilliant short books, and video presen-
tations, Richard Feynman was not only one of the greatest physicists of the 20th century,
but also a remarkable teacher. This article is a recollection of the memorable experience
of attending a course on Quantum Mechanics given by Feynman in Brasil in 1953, as well
as several meetings and exchanges my close friend and classmate Daniele Amati and I had
with him over many years, in both the U.S. and Europe.
In order to explain the long and fruitful relation Daniele and I had with Feynman, a
brief description of our background is useful. Daniele and I were classmates in high school
and university, and completed our doctoral studies at the University of Buenos Aires in
1952. Our research adviser was Richard Gans, a noted classical physicist who was both a
theorist and an experimentalist. The subject of our theses was the theory of ferroresonant
circuits, an interesting topic in classical physics involving strong non-linearities. As we
were quite young at the time (Daniele was 21 years old and I barely 22), the advice of
our teachers was to continue our studies abroad to improve our knowledge of Quantum
Mechanics and become acquainted with frontier areas such as Quantum Electrodynam-
ics (QED) and Nuclear Physics. Since my hope was to continue my studies in the U.S.,
I applied to the Institute of International Education, an institution that, among several
tasks, served as a liason with american universities. But then, something unexpected hap-
pened. One of our teachers, professor Estrella Mathov, was a cosmic-rays physicist and, in
her visits to international observatories, had become acquainted with brasilian physicists.
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Professor Mathov recommended Daniele and me to her brasilian colleagues and, lo and
behold, we received offers of one-year fellowships to study at the Centro Brasileiro de
Pesquisas Fisicas (Brasilian Center of Physical Research) in Rio de Janeiro.
Daniele and I arrived in Rio in January, 1953. The Centro was a quite remarkable insti-
tution. The director, Cesar Lattes, had been a co-discoverer (with Occhialini and Powell)
of the pion in cosmic rays and “O Cesar” was a household name in Brasil. Among several
other people, there were two distinguished brasilian theorists: J.J. Leite Lopes and J.
Tiomno, who had been a top student at Princeton and worked with J.A. Wheeler. Leon
Rosenfeld was visiting and gave us a very interesting course on classical Statistical Me-
chanics. Gehrt Molie`re, a founder of the theory of multiple scattering, was working at
the Centro. David Bohm was teaching in Sao Paulo and visited the Centro to give very
interesting talks. There was a steady flow of seminars and short-term visitors, including
sometimes very famous people like J.R. Oppenheimer.
Leite Lopes, who was a very lucid and inspiring lecturer, guided our studies. One good
day, he gave us the great news: Richard Feynman was planning to visit the Centro again
and give a course on Quantum Mechanics. Leite, as we fondly called him, emphasized
what a great opportunity this meant for us and the other young students at the Centro.
Finally, the great man arrived: he was about 34 years old, at the peak of his intellec-
tual powers. After all, this was only 4 years after 1949, when he published some of his
most important papers in QED and Quantum Field Theory.
Feynman lost no time in spelling out the rules of the course:
1) English was forbidden. In particular, Feynman was going to lecture in Portuguese or,
more precisely, in Feynmanian Portuguese.
2) It was essential not to miss classes.
3) It was crucial to do the homework assignments.
4) At the end of every class, a student had the right to ask questions about any previous
class, provided he had been present at the time.
The number of students attending was quite small. Among them, I remember Sam Mac
Dowell, Erasmo Ferreira, Luis Carlos Gomez, an american student, Dobbs, and, of course,
Daniele and me.
In the first class, Feynman made a brief survey of what was known and what was not.
Leite, who attended that class, noted that Helium superfluidity was not included among
the non-understood problems, in contrast with lectures given in previous years. The reply
was that significant progress had been recently made. (I think he had in mind his own
work on the subject).
At the beginning, Feynman gave three one-hour lectures a week. Since the course was
so special, after a short time we asked him whether he could extend the classes to one
hour and a half. Instead, he began to give one-hour lectures five days a week, Mondays
through Fridays. Although he was a natural lecturer and could think very fast on his feet,
Feynman was not an improviser: his subject material was carefully written in a notebook.
In class, Daniele and I took turns: one of us took notes, the other listened. At night, back
in the pension where we lived, we improved the notes with the information provided by
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the listener. Feynman realized what we were doing and told us it was a good idea.
In the course, Feynman started with the path-integral formulation. After deriving the
Schroedinger Equation, the topics and the discussions became closer to more conventional
expositions.
The homework problems were interesting and instructive. Since Daniele and I did not
master written Portuguese and English was not allowed, we wrote the problems in Span-
ish and Feynman, who did not have graders, corrected and graded them in his inimitable
Portuguese. In particular, he would answer related questions we raised in the process of
working out the problems. He liked the way I did the homework and gave me high grades,
including an A+ and an Otimo (Excellent). He also found my name funny, so one good
day he told me: “Mr. Sirloin, you do your problems very well!” I did not find out what
a sirloin is until I arrived in the U.S. more than one year later, so the pun on my name
completely escaped me.
At one time during the course, it was winter-break at the University of Buenos Aires
and Daniele and I wanted to spend a week in Argentina to visit our families and friends.
Unfortunately, we made the serious error of asking permission to Feynman to skip classes.
He was adamant: no, don’t go. We went anyway, but brought our notebooks with us. In
the first class after our return, we raised our hands to ask a question. Feynman was quite
upset: no, you missed the last week of classes. We protested: our question was about a
class we attended, namely about the mathematical foundations of the path-integral, and
he accepted it.
At the Centro there were two types of seminars: the regular ones, for established physi-
cists, and “seminarinhos” or “small seminars”, for students like us. Daniele and I were
invited to give “seminarinhos” on the work on ferroresonant circuits we had done in Ar-
gentina. To our great surprise, Feynman attended our talks. He asked many questions.
We answered perhaps half of them as well as we could; he answered the others himself.
But, at the end of our lectures, he told us that he wanted to talk to us. It turns out that we
had developed an approximate analytic method, involving harmonics and sub-harmonics,
to analyze the solutions of the non-linear differential equations in the resonance region,
and Feynman wanted to know to what extent our approach was a good approximation.
On the spot, he taught us how to integrate the equations numerically and told us to
compare the analytical and numerical solutions. With our talks and the discussion with
Feynman, Daniele and I had enough intellectual excitement for one day and, as good Latin
Americans, we decided: “we start tomorrow”. So, some time later, we were chatting in
the library. All of a sudden, Feynman materialized in the library. Upon seeing us, he
inquired: “have you started?” (as if this were the most urgent problem). We mumbled
some excuse, while Feynman searched on the shelves for accurate tables to help us in the
numerical calculations. (In those days computers were not available to us and numerical
calculations were rather painful). When Feynman left the library, Daniele and I told to
each other: “we better start right away, otherwise this guy is going to be very angry!”. In
a few days we had a comparison of the analytical and numerical calculations and showed
it to Feynman. He seemed to be quite satisfied. From the audience, Feynman was also
very active at the regular seminars. During the lectures he used to engage the speakers
in intense and sometimes sharp discussions. I remember one occasion in which he went to
the blackboard and improvised impromptu explanations and derivations on the subject
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that were much simpler and clearer than those presented by the lecturer. Interestingly,
there were two seminar speakers that could stand their ground before Feynman. One was
David Bohm, who gave me the impression of being a very strong and thoughtful physicist.
I also believe that Feynman had a lot of respect for him. The other one was Ma´rio Schen-
berg, a big, cigar-smoking Brasilian theorist with a strong mathematical background and
a self-confidence that matched Feynman’s.
Towards the end of the course, Daniele and I approached Feynman. We told him that we
were very grateful for the wonderful course he had given us, but then we posed the ques-
tion: “what shall we do about QED?”. Feynman left immediately for his office and wrote
a one-page guide to study QED on the basis of two of his greatest papers: “The Theory
of Positrons”, Physical Review 76, 749 (1949) and “Space-Time Approach to Quantum
Electrodynamics”, Physical Review 76, 769 (1949). (See Figure 1.) The guide is very
detailed. For example, it indicates the equations, derivations and Sections that can be
omitted in the first reading, as well as references to other formulations. He also told us
that he would mail to the Centro copies of his lectures on QED. After his stay in Brasil,
Feynman travelled to Japan (I believe that he participated in a conference there). A short
time later, several copies of his QED lectures reached the Centro. Their content is very
similar to that of his book “Quantum Electrodynamics” (The Benjamin/Cummings Pub-
lishing Company, Inc., Reading,Massachusetts, 1961). I picked up one copy and began to
study it systematically.
At the end of our one-year fellowships, Daniele and I returned to Buenos Aires. There
I learned that my application to the Institute of International Education had been suc-
cessful: UCLA informed me that I had been accepted as a graduate student and offered
a teaching assistanship. I wrote to Feynman with the good news and he answered back
with some advice: i) don’t be afraid to ask questions, no matter how elementary they may
sound and ii) you may learn as much by discussing physics with other graduate students
as with professors. Then he added: when you settle down in Los Angeles, give me a call.
I arrived in Los Angeles in September, 1954. This was my first trip outside South Amer-
ica. Everything seemed so different that, at first, I had the feeling that I had landed in
a different planet! Fortunately, after a short while, I was well settled and phoned Feyn-
man, who invited me to visit him at Caltech. This turned out to be an exciting and
memorable visit. Feynman started by describing his recent research, which was mostly on
the superfluidity of Helium. He then asked me about my own work. I explained that I
had been studying the energy-angle distribution of the radiation emitted by a relativistic
charged particle traversing a thin target, a combination of multiple-scattering and radia-
tion theories, a topic that had been suggested to me by Molie`re in Brasil, and had also
been discussed by Leonard Schiff. Feynman thought that this work might be of interest to
some experimentalists and took me to visit a laboratory and talk briefly with some of the
physicists there. Back in his office, the conversation continued and at one point Feynman
phoned his wife and invited me for dinner at his home. After dinner, it was getting late
and Feynman was kind enough to take his car and drive me back to my apartment at the
edge of the UCLA campus, all the while continuing our very interesting conversation.
At UCLA, I attended my first formal course on Quantum Field Theory given by Robert
Finkelstein (a remarkable theorist who even now, at age 99, continues to publish sophisti-
cated papers on particle physics), as well as a course on Nuclear Physics. On the research
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Figure 1: One-page guide, hand-written by Feynman. to study QED on the basis of two of his
great 1949 papers.
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side, I collaborated with another graduate student, Ralph Behrends, and professor Finkel-
stein in calculating the radiative corrections of O(α) to muon decay in the framework of
the four-fermion Fermi theory of weak interactions. This work, published in 1956, was one
of the first to apply the powerful relativistic methods developed by Feynman, Schwinger,
Tomonaga, Dyson and others in QED to evaluate the radiative corrections to weak inter-
actions. An important issue is that, in evaluating the radiative corrections to muon decay,
one must generalize the Feynman integrals in QED to the case when the virtual charged
fermion changes its mass at the weak interaction vertex. I remember that, as a graduate
student, I was very excited at the thought that, in some sense, we were generalizing one
of Feynman’s great inventions!
Meanwhile, in 1954 Daniele returned to Italy, his native country, and in the summer
he attended a one-month course given by Fermi. He wrote me an interesting letter com-
paring the two as teachers. He put it roughly as follows: you ask a question to Feynman
and, in many cases, he invents on the spot a clever and very original argument to answer
the question; you understand the argument but at the same time you have the strong
feeling that in no way you would have thought of it. You ask a question to Fermi and his
answer is so simple that you have the strong feeling that you should have thought of it
yourself!
A short time after CERN was founded, Daniele joined its theory division. Feynman
visited CERN a number of times and in such occasions they got together. In his letters,
Daniele wrote that Feynman repeatedly expressed the opinion that we were the students
that had really learned from him. At first, I found this strange because it was natural
to imagine that at Caltech he most likely had some excellent students. After a while,
I thought that I understood the basis of his opinion. It turns out that, when we were
students at the University of Buenos Aires, except for a few lectures, we had not attended
a full, systematic course on Quantum Mechanics. A good part of our knowledge was
self-taught using well-known textbooks such as Schiff’s. In particular, we were not aware
of the path-integral formulation of Quantum Mechanics. In contrast, several of his other
students had already taken a full course on Quantum Mechanics, and it was not clear to
Feynman what was his own impact on their knowledge. In the case of Daniele and me,
he felt that his course in Brasil filled this gap in our education in Quantum Mechanics,
and therefore we “were the students that had really learned from him”. My late colleague
Engelbert Schucking, who was a great scholar of physics and read everything, told me that
there is a biography of Feynman, “To the Beat of a Different Drum”, by the historian J.
Mehra, where he is asked about his graduate students. He replied that there were three
students on whom he felt he had a very positive influence: Daniele and me in Brasil, and
Sam Berman, one of his students in Caltech. When Feynman was awarded the Nobel
Prize, I wrote a short letter asking him to accept the warmest congratulations from one of
his former students. He wrote back a short, very nice letter (see Figure 2), that includes
the following interesting remark: “Not only from a former student, but one of the very
few that I could really feel good about. You are one student from whom I get the feeling
that I really did do something to help him along”. Aside from his memorable course on
Quantum Mechanics, another very important contribution Feynman made to my educa-
tion as a young physicist, were the QED lectures he mailed to the Brasilian Center at his
return to Caltech. Since the theory of precision electroweak physics became one of the
main focus of my research, those notes turned out to be most useful to me.
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Figure 2: Reply to a letter of congratulations that the author had sent to Feynman on the
occasion of his Nobel Prize Award.
A very nice quality of Feynman was his readiness to acknowledge the contributions of
others. In 1960 he was summarizing the results obtained by Sam Berman (his student at
Caltech) and by Toichiro Kinoshita and me (at Cornell and Columbia) on the radiative
corrections of O(α) to muon and beta decays in the Vector - Axialvector (V - A) theory
of charged-current weak processes that had been proposed by Feynman and Gell-Mann
and Sudarshan and Marshak in the late fifties. At first hand, the results were disconcert-
ing: the radiative corrections to muon decay were finite while those for beta decay were
logarithmically divergent (so they were evaluated with a cutoff chosen by intuition). A
distinguished physicist in the audience asked what was the reason for this conundrum. It
turns out that I had developed a simple argument, based on Fierz transformations and
a comparison with QED, that explained the riddle. As Feynman hesitated, Kinoshita
told me to explain my argument. While I was leaving the room at the end of his lecture,
Feynman told me: “Very good, Alberto; some time ago I had the same argument but I
had forgotten it”. On a couple of occasions I met Feynman during summer visits to the
Aspen Center for Physics. In one of these visits, he tried to practice his Spanish with me.
He explained that Mexican physicists had invited him and, knowing that in Brasil he had
lectured in Portuguese, they had asked him to give his Mexican lectures in Spanish!. I also
tried to convince him to lecture in New York. Unfortunately, he could not make it at that
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time, but a few years later he did lecture at Columbia University on the parton model.
The large auditorium was completely filled. Apparently, a large part of the audience were
people from other departments in the university who were attracted by his great fame as
a lecturer.
In 1974, in another visit to Aspen, I participated in a workshop organized by Murray
Gell-Mann on various topics of interest at the time. It turns out that I had recently
re-examined the problem of the radiative corrections to beta decay in the framework of
the Standard Model (SM). Since this is a renormalizable theory, I argued with myself
that I should get a finite answer. I first considered a simplified version of the SM with
integer-charged quarks, neglecting the effect of the strong interactions, and found that the
logarithmic divergence of the radiative corrections evaluated in the Fermi theory of weak
interactions was replaced by a finite, large logarithm of the form ln(MZ/mp) where MZ
and mp, are the Z-boson and proton masses. At the Aspen workshop, I was invited to
talk on this work. Unfortunately, Feynman was not able to attend my lecture. However,
the next day I was driving my old rented car when I saw Feynman walking in the same
direction and offered him a lift. He picked up a cup of coffee at a nearby store and joined
me in the car. He then told me: “Murray told me that you solved the old problem of
the divergence of the radiative corrections to beta decay”. In later work (published in
1978) I extended the result to the real SM with fractionally charged quarks, taking into
account the effect of the strong interactions using a current algebra formulation. A very
interesting feature is that the radiative corrections obtained in this way are not only finite
but also large which, in combination with the experimental data, is necessary to ensure
the unitarity of the first row of the Cabibbo-Kobayashi-Maskawa quark mixing matrix.
The last time I met Feynman was in the 1983 Shelter Island II conference, organized
in commemoration of the historic 1947 Shelter Island conference, in which several great
physicists discussed their fundamental contributions to QED. In the 1983 conference, also
attended by several scientific luminaries, Feynman gave a lecture on the strong interac-
tions. Towards the end of the conference, I approached Feynman to greet him and express
my thanks for the new lecture. He was wearing rather thick eyeglasses and, at first, it
seemed that he did not recognize me. When I reminded him that I was one of his former
students in Brasil, he answered: “Of course, I know who you are. I always say that those
two (referring to Daniele and me) were the students that really learned from me”.
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Appendix
This Appendix includes a small sample of the problems assigned by Feynman in the course
on Quantum Mechanics described in the article.
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1) If the nucleus is a uniform sphere of radius a = e
2
2mc2
A1/3, what is the modification of
the energy levels of H in first order for the 1s, 2s, 2p states? Also, if possible, derive
a general expression for the higher states.
2) There is a positive charge Ze and a system of electronic charges with density ρ(r).
Show that:
v (q) =
4pi~2e2
q2
(
Z −
∫
e
i
~q·rρ (r) d3r
)
3) Demonstrate:
K = F (t1, t2) e
i
~Scl
when
L = α(t)x˙2 + β(t)xx˙+ γ(t)x2 +A(t)x˙+B(t)x+ C(t)
4) Calculate K for the free particle in 3 dimensions.
5) Show for the harmonic oscillator L = m2
(
x˙2 − ω2x2), that
K (x2, t2;x1, t1) =
√
mω
2pi~i sin(ωT )
e
i
~Scl(x2,t2;x1,t1) ,
where T = t2 − t1.
The boldface letters stand for three-dimensional vectors. In problems 3,4,5, K is
the space-time propagator evaluated in the path integral formulation and, in the second
problem, v(q) is the Fourier transform of the electrostatic potential energy V (s) in the
interaction between the charge distribution and an external electron. These problems and
their solutions are shown below. In these hand-written notes double lined letters stand
for three-dimensional vectors. Since English was not allowed in the course, Daniele and I
wrote the text of the problems in Spanish while Feynman graded them in Portuguese.
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